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Fifteen years ago, United Nations world leaders defined millenium development goal 
4 (MDG 4): to reduce under-5-year mortality rates by two-thirds by the year 2015. 
Unfortunately, only 27 of 138 developing countries are expected to achieve MDG 4. 
The majority of childhood deaths in these settings result from reversible causes, and 
developing effective pediatric emergency and critical care services could substantially 
reduce this mortality. The Ebola outbreak highlighted the fragility of health care systems 
in resource-limited settings and emphasized the urgent need for a paradigm shift in the 
global approach to healthcare delivery related to critical illness. This review provides an 
overview of pediatric critical care in resource-limited settings and outlines strategies to 
address challenges specific to these areas. Implementation of these tools has the poten-
tial to move us toward delivery of an adequate standard of critical care for all children 
globally, and ultimately decrease global child mortality in resource-limited settings.
Keywords: pediatric critical care, resource-limited setting, ebola epidemic, millenium development goal 4, 
resource allocation
iNTRODUCTiON
Fifteen years ago, world leaders convened at the Millennium Summit of the United Nations to set 
key goals to be achieved by 2015. Specific to pediatrics, Millenium Development Goal 4 (MDG 4) 
sought to reduce under-5-year mortality rates by two-thirds. Despite a rapid reduction in under-5-
year mortality for some countries, the progress in sub-Saharan Africa and Southeast Asia remains 
insufficient to meet the goal (1). Only 27 of 138 developing countries are expected to achieve MDG 4. 
The five countries with the highest under-5-year mortality rate in 2013 were India, China, Pakistan, 
Nigeria, and the Democratic Republic of the Congo (1).
The majority of childhood deaths in these settings result from preventable and reversible causes. 
Beyond the neonatal age, these include lower respiratory tract infections, malaria, diarrheal disease, 
meningitis, and nutritional deficiencies (2, 3). While ~10–20% of sick children will be referred to a 
hospital, the delay in recognition, late presentation, lack of resources, and illness severity make the 
first 24 hours of hospitalization the most vulnerable period with a third of patient deaths occurring 
during this time (4).
FiGURe 1 | Age-group-specific incidence of ebola virus disease in west Africa, incubation period, intervals from onset to death and onset to 
hospitalization, and case fatality rate. (A) shows the cumulative incidence of confirmed and probable cases of Ebola virus disease (EVD) according to age group 
and country. (B) shows the cumulative incidence of confirmed and probable cases per 10,000 population according to age group and country. (C) shows the overall 
age distribution for confirmed and probable cases according to month of symptom onset. (D) shows the estimated average incubation period, the interval between 
symptom onset and death, and the interval between symptom onset and hospitalization according to age among persons with confirmed or probable EVD [with 
vertical lines indicating 95% confidence intervals (CIs)]. The numbers represent the sample sizes in each age group. (e) shows the estimated case fatality rate 
according to age among persons with confirmed or probable EVD (with 95% CIs), with representation of the total number of confirmed or probable cases of EVD 
cases in each age group and the total number of confirmed or probable cases of EVD for which there was information on the final outcome in each age group. 
Copied with permission from: WHO Ebola Response Team, et al. (11).
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In addition to preventative care and nutritional support, the 
development of effective pediatric emergency and critical care 
services in resource-limited countries can substantially reduce 
global mortality in children under 5  years (5, 6). Resource-
limited settings, or areas where the capability to provide care for 
life-threatening illness is limited to basic health care resources, 
pose a specific challenge to the development and sustainability of 
critical care services (6).
THe 2014 eBOLA ePiDeMiC
The Ebola outbreak that ravaged West Africa provided an example 
of the considerable need for better healthcare infrastructure and 
supportive care of critically ill patients in resource-limited set-
tings. This is not a new revelation: natural and human-generated 
events, such as disasters and wars, produce acute and unpredict-
ably large numbers of critically ill patients around the world. 
Recent historical examples include the severe acute respiratory 
syndrome (SARS) and H1N1 influenza epidemics. As of June 
2015, the overall fiscal impact of the Ebola epidemic has been 
estimated to be upwards of $30 billion, while only $7.1 billion has 
been pledged thus far (7, 8).
According to the latest Center for Disease Control (CDC) 
data, Guinea, Liberia, and Sierra Leone were the hardest hit 
with the Ebola epidemic. Suspected, probable, and confirmed 
Ebola infections have surpassed 25,000, with over 11,000 
deaths (9). Historically, children have been underrepresented 
in Ebola virus disease (EVD) outbreaks due to outbreak 
dynamics and societal structure (10). Reliable estimates of 
affected pediatric patients are limited, though a recent report 
by the WHO Ebola Response Team estimated 1400 EVD-
related deaths in pediatric patients (7). Case-fatality rates were 
highest in patients <5 years. Children demonstrated relatively 
shorter incubation times and more rapid progression to death, 
emphasizing the need for early recognition and prompt access 
to care (see Figure 1) (11).
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The Ebola outbreak highlighted the fragile state of health care 
systems in resource-limited settings. There is an urgent need for 
a paradigm shift in healthcare delivery and outcomes of critical 
illness in these settings. What Ebola patients need most stems 
from the foundation of critical care and public health: early 
recognition, supportive care, fluid resuscitation, and electrolyte 
management within an infrastructure organized to support 
hygiene, sanitation, isolation practices, safe handling, and 
transportation services (12). Unfortunately, patients in Western 
Africa died due to the inability of health care systems to provide 
this foundation (13). The current emphasis on disease specific 
as opposed to care delivery-based programs in resource-limited 
settings makes the provision of efficient and effective healthcare 
challenging, clearly shown by this Ebola outbreak. Improvement 
in the fundamentals of critical care medicine can and should be 
instrumental in helping make these urgently needed health care 
delivery shifts happen.
DeveLOPMeNT OF PeDiATRiC CRiTiCAL 
CARe MeDiCiNe
History
Unlike other medical specialties defined by organ system, disease 
process, or procedure, critical care has struggled to establish its 
identity. The concept of frequent monitoring of vital signs in 
postoperative patients evolved in Germany and the US between 
1890 and 1910. The poliomyelitis epidemic of the 1920–1950s 
provided momentum for the development of modern respiratory 
care and intensive care medicine. Polio wards represented the 
first respiratory intensive care units with specialized nursing and 
medical staffs providing 24  hour care for patients with organ-
system failure (14).
The history of pediatric critical care dates back to 1955, when 
the first unit was opened at the Children’s Hospital of Goteborg 
in western Sweden. Physicians used their knowledge and skills 
acquired in managing polio patients to provide intensive care 
services, including mechanical ventilation to newborns with 
respiratory distress syndrome, postoperative children with sepsis, 
and cases of severe pneumonia. It was not until 1971 that the first 
pediatric intensive care unit (PICU) dedicated to older infants 
and children was opened in Toronto, Canada. Subsequent dec-
ades brought many innovations in care, changes in care models, 
and maturation into a recognized subspecialty with accredited 
fellowship training programs.
Pediatric Critical Care in Resource-Rich 
Settings
The definition of a patient in need of critical care has evolved 
over the years. To allow for policy development of new PICUs 
across the US, the American Academy of Pediatrics published 
PICU admission criteria in 1999 that were reaffirmed in 2008 
(15). As one could expect, the criteria were broad and deliberately 
vague: (1) severe, life-threatening, or unstable cardiovascular, 
neurologic, hematologic/oncologic emergencies, (2) endocrine/
metabolic, gastrointestinal, renal and/or multisystem disease, 
(3) postoperative patients requiring frequent monitoring and 
potentially requiring intensive intervention, and (4) conditions 
that necessitate the application of special technologic needs, 
monitoring, complex intervention, or treatment, including medi-
cations associated with the disease that exceed individual patient 
care unit policy limitations. The Society of Critical Care Medicine 
(SCCM) guidelines recommend only that “ICU admission crite-
ria should select patients who are likely to benefit from ICU care 
(16).” Limited information exists to support which patients fall 
into this category. This variation in admission practices makes 
quantification of critical illness difficult (17).
Organizational details of intensive care units vary considerably. 
The presence and utilization of PICUs, intermediate units, step-
down units, and specialty-specific units differ from country to 
country, state to state (18). Composition of PICU team members 
has not been standardized and is often driven by the availability 
of resources in that institution. Most team members (physicians, 
nurses, respiratory therapists, pharmacists, dieticians, etc.) have 
completed some form of pediatric ICU-specific training.
Pediatric Critical Care in  
Resource-Limited Settings
Understanding the true burden of critical illness in resource-
limited settings is challenging, hindering both local and global 
appreciation. As outlined by Murthy et  al. (19), three general 
approaches can be used to try to estimate the global burden of 
critical illness. The first includes counting patients admitted to 
ICUs around the world, which would provide an underestimate, 
given the lack of ICUs in resource-limited settings. The second 
method extrapolates from resource-rich countries’ epidemiology, 
which is fraught with its own error as discussed above. The third 
approach would use the assumption that all deaths occurring 
in a region involved critical illness at some stage of the illness, 
likely leading to an overestimate. The lack of a reliable method 
has led to substantial variation in disease burden estimates in 
resource-limited settings. During the 2009 H1N1 pandemic, two 
independent groups estimated regional H1N1-associated mortal-
ity and found great variation, in particular in the African region 
(20–22). The 2014 EVD outbreak was difficult to quantify, leading 
to discrepancies in numbers reported by WHO and CDC (9). 
The first EVD outbreak in Congo in 1976 was halted in part by 
clearly defining cases and contacts, highlighting the importance 
of understanding epidemiology in resource-limited settings (23).
Application of illness severity scores developed in resource-
rich countries, such as PRISM and PIM, have been used to predict 
mortality and thereby the burden of critical illness (24). A variety 
of scores have been evaluated in resource-limited settings with 
conflicting results. Although PIM and PIM2 were validated at 
tertiary care PICUs in India and Pakistan (25, 26), both PRISM 
and PIM had poor predictability in other centers in India and 
South Africa (27, 28). Scores that are reliably applicable in all 
resource-limited settings are lacking, making definition of critical 
illness and estimation of burden of disease more challenging.
The most recent Ebola outbreak highlighted the deficiency 
in the ability to provide basic acute and critical care services 
in resource-limited settings. Patients with illnesses that could 
be cared for in an intermediate or step-down unit in one part 
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of the world may require PICU-level care in another. Therefore, 
application of aforementioned AAP admission criteria could be 
done with resource-driven adjustments. SCCM guidelines, as 
stated above, weigh heavily here with attention on appropriate 
allocation of care.
Organizational details of pediatric ICUs in these settings are 
lacking. Team composition is often limited to a general pedia-
trician, registrar/trainee, and a handful of senior-level nurses. 
Pediatric intensivists, respiratory therapists, pharmacists, or 
dieticians are often not available (6). The 2006 World Health 
Report stated that there was a global shortage of 4.3 million doc-
tors, midwives, nurses, and support workers. This shortage can 
be explained by (1) lack of health staff training, (2) subsequent 
loss to higher paying jobs within a trainee’s country after train-
ing is complete, or (3) emigration to richer countries. While 
the latter causes are attributed to bureaucratic infrastructure 
around appropriate financial compensation and are difficult 
to correct on a mass scale, the lack of healthcare staff training 
can be ameliorated. With the recent Ebola outbreak, a common 
assumption was that the lack of material resources had been the 
dominant barrier to clinical care. However, in some areas, basic 
supplies such as intravenous catheters, fluids, and oral electro-
lyte replacement solutions were often readily available, but the 
lack of trained personnel to administer them was the true limita-
tion (13).
wHAT HAS BeeN DONe TO ADDReSS 
MiLLeNiUM DeveLOPMeNT GOAL 4
With unacceptably high mortality rates in children highlighted 
both during times of epidemics and in times of relative steady 
state, the WHO and UNICEF strategies for reducing mortality 
in children under 5 years initially focused on outpatient man-
agement and primary care (29). The first WHO guidelines, the 
Integrated Management of Childhood Illness (IMCI), are an 
evidence-based strategy for assessing and treating sick children 
in the ambulatory care setting. Even with the focus on primary 
care, these guidelines assume that sick children will be referred 
to a hospital for escalation of care if needed (29). With appro-
priate IMCI use, 16–46% of children will require referral to a 
hospital (30–33).
The need for excellence in clinical care does not end simply 
with the referral. In an urban population in Guinea-Bissau, 45% 
of children under 5 years were hospitalized, and the in-hospital 
mortality was 12% in 2007 (34), compared with an inpatient 
mortality of 0.84% in the US in 2009–2010 (35). Challenges in 
presentation, triage, initial management, and admission to the 
hospital setting prompted guideline development and interven-
tions for improved patient outcomes. Nolan et al. demonstrated 
that more than half of children were undertreated or inappro-
priately treated with antibiotics, fluids, or oxygen in 21 hospitals 
across seven countries in Asia and Africa (36).
In response to the need for improved in-hospital management, 
the WHO acute hospital care guidelines, termed the Emergency 
Triage, Assessment, and Treatment (ETAT) guidelines, were 
developed. This training program is designed to prioritize 
care for children who need urgent resuscitation and hospital 
admission. In Malawi, uptake and implementation of the ETAT 
guidelines streamlined the delivery of care and reduced hospital 
mortality by half (10–18% down to 6–8%) (4). However, the first 
48 hours of admission were identified as the vulnerable period 
where skills beyond emergency care were needed. ETAT-plus 
admission care (ETAT+) was developed in Kenya to address this 
(37). Despite some positive results of ETAT+ implementation 
and further dissemination of these guidelines and training, 
reports indicate significant variation in uptake of best practices 
(36, 38–41).
Various other hospital-based initiatives have allowed for fur-
ther intervention of pediatric critical care in resource-limited set-
tings. The WHO Integrated Management of Adult and Adolescent 
Illness (IMAI) program, a sister initiative to IMCI, created a 
comprehensive manual for the care of hospitalized patients by 
clinicians in district hospitals, which includes sections on severe 
illness management (42). The European Society of Intensive Care 
Medicine produced sepsis management guidelines targeting 
resource-limited settings (43). These largely expert opinion-
based documents fill major gaps in management guidelines but 
require further research to provide missing evidence and refine 
best-practice recommendations.
In addition to the development of guidelines, training modules 
and various curricula have been developed to build further edu-
cational capacity. Courses, such as advanced pediatric life support 
(APLS and PALS), often in partnership with a mission organiza-
tion or supporting institution, have been widely implemented 
(44). Nursing, physician, and paramedic pediatric emergency 
curricula have been successfully implemented in Ethiopia and 
Ghana (45).
The WHO also produced the Pocket Book of Hospital Care 
for Children, providing clinical guidelines for physicians and 
nurses delivering pediatric hospital care in resource-limited 
settings (46). These guidelines have been adapted to local needs 
and increasingly adopted by Ministries of Health around the 
world (47). An online and postal survey of almost 100 low- and 
middle-income countries reported that 25% have successfully 
implemented and used the Pocket Book in their clinical care, and 
40% showed at least partial implementation (48, 49). Adherence 
and local adaptation of WHO guidelines for treatment of severe 
malnutrition in South Africa significantly decreased mortality by 
7–15% in various hospital settings (50).
However, recent evidence from Kenya showed that health 
workers at the hospital level were unable to provide appropriate 
care for severely ill newborns or children with inadequacies in 
key tasks, such as prescription of antibiotics and feeds, even when 
resources are available (51). In attempting to improve these defi-
ciencies, the level of engagement of senior and particularly mid-
level clinical managers was important (52). These studies show 
that the simple availability of either WHO or national guidelines 
alone do not improve hospital care for children as hoped. It appears 
that broader, more system-oriented interventions addressing 
the many important influences on provider or user behavior 
are needed (53). A recent multifaceted approach addressing 
deficiencies in knowledge, skills, motivation, and organization of 
care utilizing face-to-face feedback of performance, supportive 
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supervision, and provision of a local facilitator resulted in more 
sustained improvements of pediatric care in Kenya (38).
THe COST OF CRiTiCAL CARe
Critical care is complex and expensive, regardless of where it is 
practiced. Daily ICU costs in Indian private hospitals are similar 
to North America (54). However, in many resource-limited set-
tings, the ICU provides basic rescue interventions for children 
and young adults who are ill with curable diseases. This is in 
contrast to the shift in practice of ICUs in high-income countries, 
which now admit and care for mostly complex patients with often 
incurable diseases during long hospitalizations (55). Provision of 
intensive care services may not seem rational or cost-effective 
in low-income countries, especially in those countries with the 
highest child mortality rates (56). However, a short duration of 
critical care that treats acute, life-threatening, curable illnesses 
affecting millions of young people worldwide may have a large 
impact on mortality (55).
The World Health Organization defines a “very cost-effective” 
intervention as one that costs less than the value of gross domestic 
product (GDP) per capita per disability-adjusted life year (DALY) 
(57). This includes not only many primary care and preventa-
tive interventions (58–60) but also management of childhood 
pneumonia and some surgical interventions (44, 61–63). Critical 
care costs include expenses for personnel, equipment, and 
consumables, as well as the impact of long-term morbidity of 
survivors. The higher costs of ICU care contribute substantially to 
the limitations of critical care infrastructure in resource-limited 
settings (18).
Some relatively inexpensive and simple critical care interven-
tions dramatically improve patient outcomes, including the 
introduction of oxygen concentrators, oximetry monitoring, and 
supplemental oxygen in Papua New Guinea, which decreased 
pediatric pneumonia case fatality by 35% (64). Development of 
low-cost intensive care equipment, such as inexpensive ventila-
tors (65, 66), and relocation of ICU equipment production into 
low- or low–middle-income countries to avoid expensive import 
from North America and Europe may help drive down the cost 
(67). Further evaluation of cost-effective interventions is needed 
to understand which ones are appropriate, feasible, and sustain-
able. In resource-limited settings, cost analyses would not only 
guide decision-making around resource allocation in the ICU, 
but also help determine health infrastructure and systems needs 
to address the long-term morbidity of ICU survivors (68).
eTHiCS OF PeDiATRiC CRiTiCAL CARe iN 
ReSOURCe-LiMiTeD COUNTRieS
The ethical issues of increasing emergency and critical care ser-
vices in resource-limited settings remain challenging. The main 
areas of consideration include global justice, resource allocation, 
and local cultural preferences. Although a complete discussion 
of global health ethics is beyond the scope of this review, we will 
briefly discuss the major issues of relevance for critical care and 
refer readers to Simon Caney’s book, “Justice Beyond Borders” 
(69), for additional information.
Global Justice
Arguments of global justice state that healthcare services are 
fundamental and universal human rights to be shared by the 
masses (19). The just distribution of healthcare services across all 
human populations remains a serious challenge (70, 71). One of 
the main arguments for the provision of critical care services in 
resource-limited settings lies within the definition of cosmopoli-
tanism, which affirms three principles: the worth of individuals, 
equality, and the existence of obligations binding to all. Global 
disparities are highlighted during times of crisis, such as the 
Ebola outbreak, leading to outcries for humanitarian interven-
tions (69). This implies that the responsibility and commitment 
of those from resource-rich regions is required to combat critical 
illness and strengthen health care infrastructure for those in 
resource-limited settings (69).
Resource Allocation
The allocation of critical care services in the most deprived areas 
of the world must not seek to imitate the developed world (72). 
Riviello and colleagues have identified ways to address ethical 
dilemmas of resource allocation in resource-limited settings 
(73), including obtaining data on disease prognosis with and 
without ICU level care to understand its impact; development 
of guidelines to assist in such decisions in an open and honest 
manner; and creation of hospital policies on the use of critical 
care services (73).
The following examples highlight the ethical challenges that 
have arisen in resource allocation of critical care services. The 
2010 Haiti earthquake, which killed 230,000 and displaced 
approximately 2 million, prompted the development of one of the 
first ever neonatal-PICUs in the country via non-governmental 
organization support. Limitation of care decisions were made 
in the setting of cardiac arrest or respiratory failure necessitat-
ing intubation in children with chronic disease. The delivery 
of quality ICU care was challenging, but was most successful 
and beneficial for otherwise healthy children who presented 
with early, acute, reversible disease (74). In South Africa, in an 
attempt to provide a reasonable process for fair and equitable 
utilization of scarce resources, the local PICU team at Red Cross 
War Memorial Hospital developed explicit admission exclusion 
criteria (Table 1) (75).
Family and Cultural Preferences
In addition to the difficulties with resource allocation, pro-
viding ICU level care while respecting family, cultural, and 
religious preferences can be challenging. Local belief systems 
greatly influence the approach to life and death circumstances 
and must be a part of conversations between providers and 
families. Decisions surrounding escalation of care need to be 
made in the context of potential financial impoverishment of 
the entire extended family, especially if the most likely end 
result is a child’s long-term morbidity or death (5, 8, 9). In 
many resource-limited settings, the provision of care follows 
a fee-for-service model (67, 76). Even for patients with a 
good prognosis, care may be limited if the family is unable 
to afford it or the hospital unable to absorb the cost (77). 
Incorporation of international guidelines into local practice 
TABLe 1 | Specific exclusion criteria.
Category Specific exclusions Comments
Futile care A child who has been declared brain dead The permanent vegetative state was not addressed in the 
admission criteria as this was more likely to be encountered as 
a problem following stay in the PICU
A child who has had a cardiac arrest and has not reestablished a normal 
respiratory pattern, or who has fixed dilated pupils
<5% of children in this category survive the PICU admission 
with an acceptable neurological outcome
The child who has suffered a head injury such that there is no chance of 
recovery from that injury
Children with 
underlying lethal 
conditions
Children with burns >60% body surface area, where the surgical team are 
not able to guarantee that debridement and appropriate cover will happen 
within 24–48 h of admission
Based on data that if children are not debrided and grafted 
early on in the course of their burn management, they suffer 
a prolonged course with considerable pain, anxiety, and 
recurrent infection. The death rate in these children is also 
unacceptably high
Children with chronic renal failure where there is no commitment to long-term 
dialysis
Children with severe and lethal chromosomal abnormalities (e.g., Edward 
syndrome or thanatophoric dwarfism)
Children with malignancies that are not responding to therapy
Children with inoperable cardiac lesions
Children with 
currently poor 
outcomes
Children with established HIV infection. “Children with established HIV 
infection whose lives are in danger from AIDS-related diseases will not 
normally be considered for admission. A child who is successfully established 
on ARV, and where the reason for admission does not relate to the underlying 
disease and/or its therapy will be considered for admission.”
Based on data that despite the availability of ARV, only 
approximately 20% of children with HIV infection who were 
admitted to the PICU were known to be alive and on ARV 
6 months later. These data have not changed since the 
availability of antiretroviral therapy
Children with kwashiorkor Based on a virtual 100% mortality in the ICU for these patients
Children who have been in hospital wards for >5 days and are deteriorating 
despite appropriate therapy
Based on an extremely high mortality rate in this group of 
patients. The failure to respond to therapy suggests that 
they have underlying conditions that are not amenable to 
conventional therapy
Children with severe adenoviral pneumonia who have not responded to 
appropriate therapy in the wards
Based on data showing that children with severe adenoviral 
infection requiring ventilation have a high mortality and very 
high morbidity from chronic lung disease
Children with diagnosed severe metabolic disorders (e.g., maple syrup 
urine disease) for which established treatment programs in the hospital and 
community are not established
Children with acute hepatic failure, unless there is a reasonable likelihood that 
an acute transplant will be offered within the first 24–48 h of PICU admission
Based on the fact that these children have a very poor 
likelihood of reasonable outcome
Children with complications of meningitis requiring ventilation (i.e., the 
requirement for ventilation is related to CNS disease rather than pneumonia)
Children with cardiomyopathy unresponsive to therapy, and where 
transplantation is not being considered
This does not apply to the time of acute, first presentation. It 
is very difficult to prognosticate at that stage. This comment 
applies to children who have previously been treated, 
and where there has been time to make an appropriate 
assessment of likely prognosis.
Copied with permission from Argent et al. (75).
ARV, antiretroviral drugs.
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and policy requires respecting local norms and consequences 
on patients’ family units (9).
CRiTiCAL CARe iNFRASTRUCTURe  
AND CAPACiTY BUiLDiNG iN  
ReSOURCe-LiMiTeD SeTTiNGS
If the Ebola virus were to have appeared in high-income countries, 
there is little doubt that healthcare systems would have effectively 
contained and eliminated the disease with far lower case-fatality 
rates than those reported in West Africa over the past couple 
years. As mentioned above, the lack of adequate health care staff, 
resources, and systems required for the delivery of high-quality 
health care services contributed to the poor outcomes of the EVD 
epidemic in West Africa (78). Emergency care, including triage, 
is often one of the weakest parts of health systems in resource-
limited settings. When triage is well organized, it saves lives in a 
cost-effective manner in a wide range of settings, patient popula-
tions, and systems (4, 79). Emergency and triage training (80, 
81); transport training (82); simplified protocols, and treatment 
algorithms have all resulted in reduced morbidity and mortality 
of critically ill children (4).
The Ebola epidemic highlighted deficiencies in healthcare 
systems, emphasizing broad global inequalities. This epidemic 
should, therefore, not only lead to provision of critical aid in the 
FiGURe 2 | Accurate numbers of critical care centers and services worldwide are unknown. Membership in the World Federation of Societies in Intensive 
and Critical Care Medicine is used as an extrapolation of possible services worldwide, with countries illustrated where membership Societies are fully developed 
(blue), those where existing membership is developing a professional Society (gray), and countries without Federation members (white). Copied with permission 
from: Resource-Poor Settings: Infrastructure and Capacity Building Resource-Poor Setting: Infrastructure and Capacity Building: Care of the Critically Ill and Injured 
During Pandemics and Disasters: CHEST Consensus Statement (114).
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short-term, but also lead to investment in creating systems that 
provide sustained, effective quality health care for all critically ill 
patients (83). This effort should focus on increasing the health 
care work force, available resources, and systems.
Health Care work Force and education
The scarcity of health care workers in sub-Saharan Africa poses 
a serious challenge (see Figure 2). As an example, even before 
the Ebola outbreak, Liberia’s 4.3 million people were served by 
just 51 physicians (84). The dearth of physicians with training in 
pediatric emergency and critical care is even more significant. In 
Nigeria, 380 critical care trained nurses care for a population of 
over 140 million (85). Training opportunities in critical care in 
resource-limited settings are scarce, frequently requiring travel 
to high-income regions, which increases the risk of emigration 
of health care providers from low to high-resource countries, 
commonly referred to as “brain drain” (86, 87). Recognizing the 
impact of this phenomenon on workforce shortages, the WHO 
unanimously adopted the WHO Global Code of Practice on the 
International Recruitment of Medical Personnel in 2010 (88): this 
Code aims to promote ethical recruitment of health personnel 
to strengthen health systems and member states are discouraged 
from active recruitment of health workers from those countries 
faced with critical shortages of personnel. Unfortunately, the 
Code of Practice has not slowed the emigration of physicians 
from sub-Saharan Africa to the US (89). Solutions include pos-
ing limitations on active “poaching” by high-income countries, 
founding and recognition of national critical care societies (90), 
development of domestic training programs for healthcare 
staff linked to a commitment of service (73, 91), utilization of 
physician extenders or task-shifting (92), and building capacity 
through education initiatives.
Critical Care Education
Despite a long history of pediatric critical care training in resource-
rich countries, substantial variation in duration, content, and 
assessment suggest that the optimum model for training remains 
unclear (93). The lack of a gold standard in training makes the 
design of a critical care curriculum in resource-limited settings 
much more complicated. Many countries have implemented local 
training programs with guidance from local experts; however, 
most of these programs lack oversight from a larger governing 
body or society, such as the American Board of Pediatrics, the 
Royal College of Physicians and Surgeons of Canada, or the Joint 
Faculty of Intensive Care Medicine of Australia and New Zealand. 
This leads not only to discrepancies in the provision of care but 
also to duplication of efforts in regions already struggling with 
scarce resources.
Attempts at creation of pediatric critical care training programs 
through international collaboration have begun in several places, 
including both Ecuador and Kenya.1 These partnerships seek to 
1 www.pecc-kenya.org
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address the issues of implementation of an educational curricu-
lum, the applicability to the local health care systems, diseases, 
and culture and the long-term sustainability. Critical care train-
ing can be further leveraged through visiting, temporary trainers 
from resource-rich countries, until local critical care capacity is 
self-sufficient and local trainers have been trained. Long-term 
success and sustainability of these initiatives remain to be seen.
Critical care education and training can also be supplemented 
with available free pediatric critical care resources. Some examples 
include Open Pediatrics2 and Pediatrics BASIC3. An online ver-
sion of Pediatric Fundamental Critical Care Support4 is available; 
however, the minimum cost of $600 USD makes global access, 
particularly in resource-limited settings, prohibitive.
Simulation training provides another opportunity to engage 
learners regardless of language and cultural barriers and has been 
found especially useful in introducing primary triage and cultur-
ally sensitive treatments (94, 95). With the improvement and 
advancement in technology, the interactive delivery of healthcare 
over distance using technology such as video conferencing or 
telemedicine can increase access, improve outcomes, and reduce 
costs (96). In work done by Médecins Sans Frontières (MSF) in 
Somalia, introduction of telemedicine resulted in a change in 
case-management in 64% of children for which it was used and 
detection of a previously undetected life-threatening condition 
in 25% (97). However, the reliable application of this technology 
in resource-limited settings can be challenging. The MSF system 
demonstrated a median response time of 13 h making its utility in 
critical, time-sensitive cases, somewhat limited (98).
Task-Shifting
This practice consists of training non-physicians to substitute for 
critical care physicians. It has the ability to aid in the develop-
ment and dissemination of guidelines and protocols to address 
the existing shortfall of limited ICU capacity and resources (18). 
In the local communities, community health workers can play 
a prominent role in early recognition and triage of severely ill 
children. Their efficacy in the lowest resource areas of the world 
(childhood mortality >30 per 1000 children) has been validated 
by Bang et al. who demonstrated an eightfold reduction in neo-
natal mortality with the administration of intramuscular (IM) 
antibiotics alone by village health workers trained in neonatal 
care and sepsis (99). They also serve a role in encouraging patients 
and families to seek care early at health care centers. Once in the 
hospital setting, appropriately trained nurses are required for 
successful integration of prevention and disease treatment (83).
Specialist nurses or anesthetic medical assistants trained in 
critical care are vital when physicians are scarce (72). From 1998 
to 2008, MSF trained 24 nurses to become nurse anesthetists 
in Haiti with high completion and retention rates. They were 
essential in providing anesthesia for 330 procedures during the 
post-hurricane emergency in 2008 (100). Severe shortages of 
acute care and healthcare workers in rural Uganda prompted 
the development of an emergency mid-level provider training 
2 www.openpediatrics.com
3 www.basics.org
4 www.sccm.org
program. Nurses participated in a 2-year program. Outcomes 
of over 10,000 patients were evaluated and demonstrated lower 
than previously published regional mortality rates (101). A 2014 
Cochrane review found evidence that shifting responsibility from 
physicians to adequately trained and supported nurses and/or 
community healthcare workers for managing HIV patients did 
not decrease quality of care, and in fact, may have decreased the 
numbers of patients lost to follow-up (102). The utility of task-
shifting in critical care settings needs to be further explored before 
recommendations around its implementation can be made.
Critical Care Guidelines and Toolkits
Low-cost, high yield critical care in resource-limited settings 
can be provided using practice-support tools, such as guidelines, 
protocols, checklists, and standard order sets (103). A revised 
South African Triage Scale (SATS) for children was validated 
in multiple centers across South Africa with high sensitivity 
and negative predictive value to assist in early prioritization of 
pediatric patients seeking emergency care. It uses clinical signs 
along with a triage early warning score (TEWS) to assist in 
early recognition of acute illness, increase efficiency of patient 
discharges, all while promoting more effective use of hospital 
resources (104). Integration of emergency triage assessment and 
treatment (ETAT) guidelines into local practice and use of neo-
natal resuscitation practice through Helping Babies Breathe have 
shown decrease in childhood and neonatal mortality, respectively 
(4, 95, 105). During the H1N1 influenza pandemic, the WHO 
assembled a group of experts to generate a document addressing 
management of severe respiratory distress and shock in resource-
limited settings (106). More recently, similar advice was produced 
by the WHO for the clinical management of novel coronavirus 
from outbreaks in 2012 in the Middle East (107).
The Global Pediatric Sepsis Initiative in 2011 categorized 
best-practice interventions based on under-5-year mortality and 
developed a web-based educational tool to improve the quality 
of care for children with sepsis around the globe (see Figure 3) 
(108). The World Federation of Pediatric Intensive and Critical 
Care Societies has created both acute and post-acute care bundles 
for pediatric sepsis with the hopes of providing a conceptual 
framework for resuscitation management (43).
Still, the direct application of guidelines developed in 
resource-rich settings to resource-limited settings must be 
done with caution. The Fluid Expansion as Supportive Therapy 
(FEAST) trial was a large, multi-center, randomized trial 
conducted in sub-Saharan Africa that implemented sepsis 
initiatives with early fluid resuscitation. The trial demonstrated 
increased 48 hour hospital mortality for the intervention groups 
(20–40 mL/kg of 5% albumin or 0.9% saline) as compared to 
the control group (no bolus fluid resuscitation) (109). Although 
highly criticized, these unexpected findings call to question 
the assumption that widespread application of resource-rich 
guidelines to resource-limited settings will yield similar effects. 
In addition, an attempt to implement the 2008 Surviving Sepsis 
Campaign guidelines in hospitals across the country of Mongolia 
highlighted a dramatic shortage of the required hospital facili-
ties, equipment, drugs, and disposable materials necessary for 
implementation (110). Thus, a thorough assessment of available 
FiGURe 3 | The sepsis initiative administrative bundles pyramid. This pyramid demonstrates the administrative recommendations according to levels of health 
resources from the health resource-scarce (level A) to health resource-abundant (level D). The foundation of care is level A. It is expected to be provided to 
populations with <5-year child mortality and >30 of 1,000 children. Level B is distinguished from level A by the ability to deliver oxygen and intravenous therapies. It 
is expected to be provided to populations with <5-year child mortality and <30 of 1,000 children. Category A indicates non-industrialized setting with child mortality 
rate >30 of 1,000 children; category B indicates non-industrialized setting with child mortality rate <30 of 1,000 children; category C indicates industrialized 
developing nation; and category D indicates industrialized developed nation. Level C is distinguished from level B by the ability to deliver machine-driven therapy to 
all. It is expected to be provided in the developing industrialized setting. Level D is distinguished from level C by the presence of an organized transport system and 
the ability to deliver extracorporeal therapies to all. It is expected to be provided in the developed industrialized setting. Categories A and B are in the non-
industrialized setting. Categories C and D are in the industrialized setting. In category A, Bang et al. demonstrated an eightfold reduction in neonatal mortality when 
intramuscular (IM) gentamicin and oral cotrimoxazole were administered by rural healthcare workers. In category B, investigators in Thailand, Vietnam, and Kenya 
demonstrated that administering high-flow oxygen (O2) and isotonic intravenous fluid boluses reduced mortality from pneumonia, dengue shock, and severe 
malaria. In category C, de Oliveira et al. demonstrated a four-fold reduction from septic shock with American College of Critical Care Medicine/Pediatric Advanced 
Life Support goal-directed therapy. In Rotterdam and London, investigators demonstrated a 10-fold reduction in mortality from purpura and meningococcemia with 
a transport team and tertiary center care. IV, intravenous; PICU, pediatric intensive care unit; npCPAP, nasopharyngeal continuous positive airway pressure; 
HCW, healthcare worker; ScvO2, superior vena cava oxygen saturation; pRBC, packed red blood cells; NP, nasopharyngeal. Copied with permission from: 
Kissoon et al. (108).
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resources in each local setting is imperative prior to adapting 
clinical practice to match that of parts of the world with seem-
ingly unlimited resources.
Critical Resources
In some university and private hospitals in South Africa, Uganda, 
Kenya, Rwanda, and Namibia, critical care resources are com-
parable to Western countries. However, in township and district 
hospitals in sub-Saharan Africa, and South East Asia, ICU care is 
often very limited (43). What can be found at the district hospital 
level may be a four- to eight-bed mixed adult and pediatric ICU 
with one to two nurses and minimal ancillary support. Hospitals 
often have a very limited supply of patient monitors, mechanical 
ventilators, necessary disposable materials (ECG stickers, tubing, 
and so forth), or electricity. Although the WHO recommends 
oxygen concentrators to be used as the primary oxygen supply 
for resource-limited settings, many of these countries utilize pres-
surized oxygen cylinders for oxygen delivery because they are less 
expensive, do not require electricity or ongoing maintenance, and 
are easier to use. However, transportation difficulties, exhaustible 
oxygen supply, and restricted patient use outweigh the initial 
savings, leading to frequent oxygen shortages (111, 112).
Appropriate supportive care was shown to help reduce many 
unnecessary deaths in the Ebola epidemic (13). Although often 
considered part of basic care delivery in resource-rich settings, 
the availability and sustainability of clean water, reliable electric-
ity, oxygen and compressed air, medical equipment, and support 
services (radiology, laboratory medicine, microbiology, and 
transfusion services) are essential for the delivery of critical care. 
In some areas, lack of basic health care resources, including pro-
tective gloves and gowns, intravenous fluids, and simple protocols 
or guidelines of care, limited the impact of frontline healthcare 
providers who risked their lives to care for those affected by 
Ebola (83). As a first step, providing ongoing access to these basic 
resources may improve survival in many resource-limited settings.
In addition to epidemics, natural and man-made disasters 
have highlighted the need for an emergent increase in critical care 
capacity globally. In 2010, the Pediatric Emergency Mass Critical 
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Care Task Force, composed of 36 experts in domains, including 
medicine, public health, and disaster response, recommended 
that equipment and supplies be available to triple the typical ICU 
capacity for at least 10 days during times of disaster or epidemic 
illness regardless of location (113). The 2014 CHEST consensus 
statement on critical care in resource-limited settings calls for 
development of feasibility plans to address a protracted event 
requiring long-term use of critical care resources and capacity to 
immediately expand hospital critical care resources by 20–200% 
depending on the surge response required by the disaster/pan-
demic (114, 115).
Healthcare Systems
Despite recent global movement to expand access to health 
care, the Ebola outbreak was an important reminder to carefully 
consider two simple questions as outlined by Boozary et al.: What 
kind of care are people going to access? Is that care worth hav-
ing, and can it be made better (83)? In order to avoid distrust 
in healthcare systems by local communities, as evident during 
the recent Ebola outbreak, the focus on quality of care and its 
measurement is key in resource-limited settings.
Although it is difficult to define quality improvement measures, 
recent efforts have been made by Duke et al. using a consensus-
based, international approach to identify indicators of hospital 
care for children and newborns suitable for use in resource-
limited settings (116). For example, structural indicators of 
quality, including availability of intravenous fluids, epinephrine 
for injection, presence of a triage system, and prioritization and 
grouping of severely ill children for increased observation were 
all highly rated quality indicators applicable to care of critically 
ill children in these settings (116). The quality of care approach 
should include safety, effectiveness, and care delivery in ways that 
respect the dignity of individuals in the context of their own “local 
moral worlds” (117). When people receive care that is unsafe or 
ineffective, or they are not treated with respect, it is little surprise 
they will avoid further care (118).
While some might see tradeoffs between interventions to 
stem current epidemics and investments in health systems for the 
future, these two notions can coexist. Indeed, building systems 
that provide high-quality care in crisis can be used to provide 
effective critical care disease management and chronic care once 
the epidemic has subsided. The HIV epidemic is an important 
example of how quality, system-based interventions in times of 
disease outbreak can serve a country’s healthcare system as a 
whole.
For example, Rwanda’s AIDS program was characterized not 
only by efforts to integrate prevention and control, but also by 
attention to concomitant health problems, such as tuberculosis 
and malnutrition, to strengthen the healthcare system as a whole. 
High-level political commitment to equity and service delivery, 
a clear plan for action, and harnessing funds has been very suc-
cessful. The country’s ownership of health care spending has 
facilitated this process. Evidence-based policy making through 
linkage of research to service and training has helped promote 
accountability and improve quality of care in Rwanda (119). 
These interventions enabled a 70% reduction in the under-5-year 
mortality rate between 2000 and 2011 (119).
Research Strategies for Clinical evidence
A major challenge in improving critical care in resource-limited 
settings as discussed earlier is the lack of evidence to both quan-
tify the burden of disease as well as support interventions for a 
particular disease. The majority of research studies, in particular 
in critical care, are conducted in resource-rich settings, targeting 
the most common and most severe diseases in these settings. The 
protocol for the Global Burden of Diseases, Injuries, and Risk 
Factors study in 2013 identified regional and country-specific 
differences in disease burden (3) making the blind application 
of effective critical care interventions from resource-rich settings 
not appropriate while also creating additional financial strain on 
limited resources. This creates a vicious cycle in which the limita-
tion of resources prevents design and implementation of research 
initiatives needed to identify which resources are most needed.
The first step in improving outcomes in critical illness is to 
understand local and regional epidemiology of disease, so that 
institutions can prioritize future interventions (55). This research 
requires resources, such as accurate medical record keeping, 
disease-specific laboratory diagnostics, personnel to gather and 
analyze data, and local providers to identify potential research 
subjects. A number of trauma registries in low- and middle-
income countries serve as examples for tracking the epidemiol-
ogy of a disease (120–123), and their ability to contribute to a 
reduction in mortality has been established (122). Tracking of 
critical illness proves more challenging because most diagnoses 
rely on laboratory confirmation rather than clinical history alone 
(124–126).
Once the local and regional epidemiology of critical illness is 
understood, targeted interventions and their evaluation represent 
the next stage. The efficacy of a single intervention depends upon 
the local environment and resource availability. While relatively 
low-resource interventions, such as pulse oximetry, have been 
effective in reducing mortality in resource-limited settings (64), 
higher resource interventions, such as CPAP, have improved clini-
cal status but not decreased mortality (127). A potential explana-
tion for this discrepancy is that high-resource interventions 
concentrate available resources on the highest acuity patients, 
leaving those with milder illness with inadequate monitoring.
Once effective interventions have been identified, efforts are 
necessary to implement them region- or country-wide. Previously 
mentioned incorporation of HIV care into outpatient primary 
care clinics (128) and utilization of various clinical treatment 
guidelines in resource-limited settings represent an opportunity 
for improved outcomes on a larger scale.
Once implemented, ongoing monitoring in the form of 
research is needed to ensure that the interventions are appropri-
ate. Conducting research in resource-limited countries where 
the population of individuals affected is vulnerable and there 
is a heightened possibility of exploitation of individuals and 
communities should comply with important ethical principles 
(84). These may include use of culturally appropriate forms of 
informed consent and a local IRB, regulated use of therapies 
as part of clinical trials to determine effectiveness and validity, 
avoidance of compassionate use, prevention of exploitation of 
vulnerable populations, and collaborative partnerships with local 
communities and stakeholders (84).
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In times of disease outbreaks as in the Ebola epidemic, lack of 
prior approval for research prevents the study of promising inter-
ventions, such as vaccines, monoclonal antibodies, and convales-
cent plasma therapies (129). A potential solution and model for 
the carefully planned study of future infectious disease outbreaks 
in times of disaster has been offered by the MSF research ethics 
committee via pre-approved generic research protocols that are 
then further defined and approved by the appropriate national 
authorities once an outbreak occurs (130).
Research Agenda for Critical Care in  
Resource-Poor Settings
Published data on pediatric critical care research from resource-
limited countries remains sparse, yet is much needed (18, 73). 
Reasons for this gap in evidence likely include lack of funding, 
local critical care providers and researchers, academic mentor-
ship and infrastructure to perform research, and/or barriers to 
turn available data into publishable research. The limited existing 
evidence hinders effective and efficient care and advocacy for 
resource-limited settings.
The agenda for critical care research in resource-limited 
settings should include more evidence on epidemiology and 
outcomes. A more accurate estimate of the potential lives saved 
through pediatric critical care interventions would justify its role 
in healthcare systems globally (19). Data on critical care capacity, 
and access to both critical care resources and health care profes-
sionals, are essential for health system planning, but generally 
lacking. Efforts should be made to adjust critical care guidelines 
from high-income countries to resource-limited settings. Cost-
effectiveness analyses of current and proposed critical care prac-
tices need to be emphasized (73). Efficacy must be measured and 
validated for critical care interventions, with limited resources 
targeted to those practices that save lives, time, and resources. 
Currently, available critical care mortality prediction tools and 
triage scoring systems require revalidation in region-specific 
contexts (131, 132) and low-cost critical care technology is much 
needed to support critical care in resource-limited settings.
CONCLUSiON
We affirm that the concept of global justice for all persons needs 
to be applied to the shortage of pediatric and adult critical care 
services across the globe. At the core, there is a need to remediate 
inequalities of access to healthcare as a fundamental human right 
(133). The injustice of the disparity in healthcare requires tireless 
patient advocacy for equity of care and increased resources (73). 
We no longer live in silos; instead, we live in an interconnected 
world where communications, collaboration, trade, finance, and 
pollution are all shared (84). The recent Ebola epidemic served 
as a harsh reminder that in order to value all human life equally, 
there is an urgent need to bridge resource-rich and resource-
limited worlds and build effective, long-lasting partnerships 
across borders (83).
Critical care has often been deemed inappropriate and of 
lower priority than primary care efforts and, thus, has addi-
tional challenges to overcome in resource-limited settings. 
However, the lack of prioritization is not justified as discussed 
above (73). Critics indict clinical technologies and label them 
as failed strategies, likely due to lack of research in the field, 
which devalues clinical intervention and diverts the attention 
from the value of critical care medicine to the overall health of 
the population (134).
There is no doubt that critical care and public health overlap. 
An Ebola virus outbreak among a mobile population who car-
ries it to densely populated areas without adequate critical care 
resources and systems to contain further spread is a huge public 
health issue (135). The lack of critical care resources in the center 
of the epidemic and the inability to increase available resources 
acutely has contributed to the amplification of disease burden, 
increasing stress on an already deficient public health system.
We argue for a focus on basic pediatric critical care principals 
with locally appropriate adaptations in collaboration with min-
istries of health and community members. A concentration on 
international partnerships, educational initiatives, and research 
strategies will only help to enhance the specialty of pediatric 
critical care. Building capacity and evaluating efficacy of critical 
care interventions in resource-limited settings has the potential 
to greatly improve the overall outcome of critically ill children by 
supporting interventions at every level of patient care. The strate-
gies outlined move us toward delivery of an adequate standard of 
critical care for all children globally and provide an opportunity 
to dramatically decrease the mortality of children in resource-
limited settings.
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